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Motivation

» Wire signal and raw signal data products contain the full
readout window but the non-zero signal occupancy (aka
Region of Interest) is low

» Current scheme is to deconvolve RawDigits in all time
bins on each wire
FFT requires data to be put in an array of size 2N complex
numbers — complex doubles since we are using ROOT

For MicroBooNE

Single 3200 tick readout frame = 2 x 4096 numbers
Single 9600 tick readout frame = 2 x 16384 numbers

» Lots of unnecessary computation and storage



Current & Proposed Schemes

» Current scheme

CalWire
Initialize FFT service with FFTSize = ReadOutWindowsSize
Deconvolve RawDigits and create recob::Wire fSignal
HitFinder
Find Signal regions above threshold
Fit to N Gaussians and create recob::Hits

» Proposed scheme
CalWire

Initialize FFT service with fcl file selectable FFTSize

Find fabs(RawDigit) regions above threshold (= ROls)

Deconvolve ROIs and create Wire—> SignalROI()
HitFinder — 2 options

Modify: Fit to N Gaussians using SignalROls

Don’t modify: Use Wire->Signal() method to get a zero padded signal
vector of length ReadOutWindowSize



Wire Signal — Current Scheme

ReadOutWindowsSize ticks

Wire éRawDigit() /\/ /\/ /\J—
vector<short>

‘ Deconvolve

| ReadOutWindowsSize ticks

> Signal() ‘ /\ /\ /\_

vector<float>

Note:
ALL wire planes are deconvolved
ALL wire plane signals have ReadOutWindowSize ticks




Wire Signal ROI Scheme

ReadOutWindowSize ticks
Wire—>RawDigit() —/\/ /\/ /\./—
vector<short>
ROI[0] ROI[1] ROI[2]

| Small fixed FFT size

vector<float> J\/_/\/ J\/_

ROI[0] ROI[l] ROI[2]
Tick[0] Tick[I] Tick[2]

‘ Deconvolve
_/\_ _/\_ _/\_ Modified Wire object:

ROI[0] ROI[I] ROI[2] vector<pair<unsigned int, vector<float>>>
6  Tick[0]  Tick[I] Tick[2]




What fraction of the Signal contains hit
information? - MicroBooNE

totLen = X bin length of all ROls on a

wire

Occupancy per wire = totLen / dataSize
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I-V Wire.h (read only) - /grid/fermiapp/products/larsoftardata/nightly/source/RecoBase’ <@uboonegpvm0b.fnal.gov

File Edit ZSearch Preferences Shell hacro  Windows Help
private: r
|std: :vector<float> f3ignal; | f74< the calikbrated signal waveform
art::Ptr<raw: :EawDigilt> fRawDigilt; FAA wector to index of raw digit for this wire
geo::View t fview,; A wiew corresponding to the plane of this wire
gec::81gType_t f8ignalType; ///< signal type of the plane for this wire

pifndef  GCCHML_

public:
Wire(std: vector<fleoat=> siglist,

art::Ptr<raw: :RawDigit> &rawdigit); Wi re.h Cu rrent

J i Get Methods

|const std::vector<float>& Signall) const; |

Slze t NS1gnali) CONSL;

art::Ptr<raw::Rawhigit> RawDigit() const;

gec:iView t View() const;

gec: 1 8igType BignalTvpe() const;

uint3zZ t Channeli) const;
fendif

}:

}
#ifndef  GOCHML
|inline const std::vector<float>§ recch::Wire::Signalfl) const { return f23ignal; 3
inline silze_t recch: iWire: :NSignali) const { return fSignal.sizel(); ]
inline art::Ptr<raw::RawDigit= recob: :Wire: :RawDigit () const { return fRawDigit; HI
inline geo::View t recob: iWire: :View() const { return fview; }
inline geo::8igType t recob: :Wire::8ignalType() const { return fEignalType; H
inline uint3Z t recok: tWire: : Channel() const { return fRawDigit-»Channel();}
fendif

#endif S/ WIRE_H

NN R RN
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LYY Wire.h - fuboone/app/users/baller/roi/srcsflardata/RecoBase/ <@uboonegpymO5.fnal.gov

File Edit Zearch Preferences Shell  Macro  Windows Help
private: A
|std::vector< std::pair< unsigned int, std::vector<float> > > fSignalROI;|
art::Ptr<raw::RawDigit> fRawDigit; FAif< wector to index of raw digit for this wire
geo: VWiew t fWiew; Fif< wiew corresponding to the plane of this wire
geo: 1 8igType t f8ignalType; ///< signal type of the plane for this wire
unsigned int fMaxBamples; ///< max number of ADC samples possible on the wire

$ifndef  GCCHML
public:

Ff BOI constructor

F S Get Methods

Wire(std: ivector< std::pair< wunsigned int,
art::Ptr<raw::RawDigit> &rawdigit);

£/ Zero-padded full length wector filled with ROIs

std::vector<float> » > sigROIlist,

Wire.h Proposed

const { return f3ignalRoOI;}

std::vector«<float> Signal() const;
|const std::vector< std::pair< unsigned int, std::vector<float> > & Z3ignalR0OI{; const;|
Size t NS1gnalf() COnst
art::Ptr<raw: :RawDigit:> RawDigit () const;
gec:1View € View() const;
gec::8igType t SignalType() const;
uint3Z t Channel() const;
$endif
b
}
#ifndef  GOCHML
inline const std::vector< std::pair< unsigned int, std::vector<float> > >& recob::Wire::8ignalRoOI

9

inline =size t recob: :Wire: :NSignall) const { return fMazfamples; }
inline art::Ptr<raw::RawDigit> recob: iWire: :RawDigit () const { return fRawDigit; i
inline geo::View t recok: tWire: tVWiew() const { return fview; }
inline geo::8igType t recob: iWire: 1 8ignalTypel() const { return ffignalType; 1
inline uint3Z t recok: tWire: : Channel () const { return fRawDigit->Channel(]);}




R ¥ Wire.co - fuboone/app/users/baller/roi/sres/lardata/RecoBasel <@uboonegpymO5.fnal.gov

File Edit Search Preferences 3Shell  Macro Windows

Wire.cxx ]Wire.h ]

namespace recob{

Wire: :Wireil)
f8ignalROI (O]}

Wire: :Wire(
std::vector< std::pair< unsigned int, std::vector<float> > > sigROIlist,]
art::Ptr<raw: :REayDigit> &rawdigit)

f8ignalROI(sigROIlist)
, TRawDigit({rawdigit)

{ Wire.cxx Proposed

art::8erviceHandle<geo: iGeometrye Jeo;

fVWiew = geo->*View(rawdigit->=Channel1({));
fE8ignalType = gec->8ignalTlvpelrawdigit-=Channel());
| fMazSamples = rawdiglt-=NaDC(); |
}
std:ivector<tloat> Wire::Signall) const
{

df Heturn ROI signals in & zero padded vecltor of size that contsins
Sfoall ROIs

std: ivector<floatr sigTemp(fMaxBamples, 0.);
if(foignalkR0l.size() == 0) return sigTemp;

for{unsigned int ir = 0; ir < f2ignalR0I.size(); ++ir) {
unsigned int tStart = f8ignalROI[ir].first;
foriunsigned int ii = 0; ii « f8ignalROI[ir].second.size(); ++1i)
sigTemp[tetart + 1ii] = fEignalR0OI[ir].second[ii];
Y /S i

refprn sigTemp;
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MicroBooNE Implementation /f’/ =
uboonecode/CalWireROI_module.cc fcl inputs :i
fThreshold ( = 3) A .... S
fMinWid ( = 4) S
fMinSep ( = 10) min separation between ROls .”_,,I_,...-v'-“"”"ﬁ | E
fROIPad ( = 10) pad ends of ROlIs with signal baseline e =
o0 — | — =

e e SignalROI[0]  SignalROI[1] =
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I-'V‘ CalWireT862_module.cc - fuboonelapp/users/baller'roifsres/larevt/CalDatal =@ uboonegpym05.fnal.gov

File Edit Search Preferences shell  Macro  Windows

expFit.BetRange(datalize, transformiize);
foribin = 0; kin < datafSize; ++bkin)
holder[datafize+bin]= expFit.Eval(bin+datalize);

}
d4 This is actuslly deconvolution, by way of convelution with the inverted
Jf kernel. This code assumes the response function has already been

i obeen transformed and inverted. This way & complex mulitiplication, rather
A than a complex division is performed saving 2 multiplications and
A2 divsions

fFFT-=Convoluteiholder, kernel [kernMap[channel]]) ;
Y 47 end if channel iz & good channel

holder.resize(datalize,le-5);
FiThis restores the DC caomponent to signal removed by the deconvelution.
if(fPostsample) {
double average=0.0;
for(bin=0; bin < (unsigned int)fPostsample; ++bin)
average+=holder[holder.size()-1-bin]/(double) fPostsample;
for(bin = 0; bin < holder.size(); ++bin) holder[bin]-=average;

}

ff Make & single ROI that spans the entire datas size ArgONeUT Ca|W|re
std:ivector<std: ipair<unsigned int, std::vector<float>>> hwveg; o/ c
hvec.push back(std: :make pairi(l, holder)); mOdIflcatlon 9 one
wirecol->push backi{recob: :Wirelhveo,digitVea)); blg ROl per Wire

I

ifiwirecol-=size() == 0]

mf: :LogWarning("CalWireT902") << "No wires made for this event.";
evt.put (std: imove(wirecol) ) ;

delete chanFilt:
return:

}

Y S/ end namespace caldata

namesq%fe caldataf




.-v CCHitFinderAlg.cxx - /uboone/app/usersiballer/roi/srcs/larreco/Recoflg! —@uboonegpym05.fnal.gove

File Edit Search Preferences Shell Macro  Windows

Change CCHitFinder to
use ROIs

Ff oget the Regians 0F Interest an this wire
REOIs({theWire-=8ignalROI()]);

ff loop over the ROIs
for(unsigned short iy = 0; ir < RBOIs.size(); ++ir) {
bumps.clear();
unsigmed short tetart = ROIs[ir].first;
unsigned short npt = ROIs[ir].second.sizel);
i transfer the ROI inte the signal array
for{unsigned short ii = 0; ii < npt; ++ii) {
gignl[ii] = ROIs[ir].second[ii];
Jf look for bumps

Yy S Oid
S make a8 crude hit Iif there are too many bumps
if(bumps.size() » fMaxbBumps) {
MakeCrudeHit (npt, ticks, signl);
StoreHits(tl3tart, npt, theWire);
continue;
Y /S bumps.sizel) > fMaxFBumps
Jfostart locking for hits with the found bumps
unsigmed short nHitsFit = bumps.size();
unsigned short nfit = 0;
chidof = 0.;
bhool HitZtored = false;
unsigned short nMazFit = bumps.size() + fMaxHtraHits;
Al kool first = true;
while(nHitsFit <= nMaxzFit) {
FitNG(nHitsFit, npt, ticks, signl);

std:ivector<std: pair< unsigned int, std::vector<float> > =

Get the ROlIs on the
wire

ifiii = 3 {
ifisignl[ii - 2] = minSig) {
if(signi[ii - 2] = signl[ii - 3] && Find N bumps within
signlfii - 3] » signl[ii - 4] && S
signl[ii - 2] = signl[ii - 1] &s the ROI
signl[ii - 1] = signl[ii]) bumps.push backi{ii - Z};
Yy A signllii - 2] > minSig
Yy /S 33 3 _

Fit to N Gaussians




Summary

» Pros
Significant reduction in memory and file size using ROls

New Signal get method returns a zero-padded vector ala the
old Wire object

Minimal changes to event display & hit finders
The “bump hunting” code in the hit finders can be eliminated if
the SignalROI get method is used

HitFinder = HitFitter

» Cons

A means of reading/converting existing MC files is needed if
this is deemed to be a requirement — is it?
Alternatively, one could read existing MC files with vl _00_05



Ruminations on other RecoBase objects

» Use “graded approach” when considering changes to add
or remove features
Roughly speaking ...
Thousands of hits per event = be hard-nosed

Hundreds of clusters per event

Tens of tracks per event = be loose



Ruminations on recob::Hit

U d i—I'it: tHit({art: :Ptr<raw::RawDigit> rawdigit,
} Se geo: :View t wview,
gec: 1 83igType £ signaltvps,
P I T 9 geo: WireID wid,
caKlime X double startTime, double sigmaStartTime,|
double 2ndTims, double =sigmaEndTims,
double peakTime, double sigmaPeakTime,
TOtCharge 9 dQ/dX double totcharge, double sigmaTotCharge,
double mazcharge, double sigmaMaxzCharge,
—_— . . int miltiplicity,
)

Multiplicity, GoodnessOfFit
» Float has sufficient

» Confusing Srecision

maxCharge = amplitude

Hit position resolution >
totCharge = V21 6 Amp ZOOPum (x. ~250.02 cm)

» Not filled/used/needed Wire-to-wire ionization

Sigma... fluctuations are large ~30%

max



Ruminations on recob::Cluster

Track-like clusters...

double fTotalCharge;
double fATAW;

double A0,

double foigmadTdw;
double I8 igmadody;
std: vector<doubhle> f3tartPos;
std: vector<doublea> fEndPos;

std: rvector<double>= foigmaftartPos;
std: :vector<double>= feigmaEndPos;
int fID;

geo: VWiew t fview;

f/7< total charge in oluster

fff< slope of cluster in tde vs wird

fif< glope of cluster in charge vs wire
fii< slope of cluster in tde vs wire

fi5< slope of cluster in charge vs wire
A/ start of cluster in (wire, tde) plane
FAf4 start of cluster in (wire, tdo) plane
AAf< start of cluster in (wire, tdo) plane
Fif< start of cluster in (wire, tde) plane
JA/< ocluster's ID

fif< view for this cluster

» Not useful
fTotalCharge
fdQdW (varies)
» Cluster slope
Start dTdW # End dTdW

» Cluster charge at
Start/End would be useful
for 3D track matching

ClusterCrawler defines

Begin == end of the cluster
with the lower charge

» Float has adequate
precision — ala Hit



